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2.
REVISED OBJECTIVES:
2.1 Zing (see chapter 2.3)
Existing Objective:
0 The concentration of total zinc in an unfiltered water sample should not
exceed 30 micrograms per litre to protect aquatic life.
Recommended Objective:
0 The concentration of total zinc in an unfiltered water sample should not





A list of research recommendations was compiled and presented in the 1985
Annual Report of the AEOC. These recommendations were of two types——those
of a general nature designed to improve the Great Lakes science community's
abilities in several topic areas and those specific data elements which were
needed to complete or further support objectives for chemicals. The AEOC is
unaware of progress on these recommendations and takes this opportunity to
recommend them again to the Board and the UC.
The rationale for the zinc objective recommended elsewhere in this report
includes mention of the need for research on forms of zinc in the aquatic
environment, the toxicity of these different forms and on the effect of hardness
on zinc toxicity to algae. The present recommendation is a conservative
position and assumes all zinc is present in its most available and toxic form.
Research to better describe these forms and toxicities is needed.
Data to permit the evaluation of the ecosystem health of Lake Superior is
needed. Niche attributes of the lake trout and of Pontoporeia hoyi are
recommended as the means to measure ecosystem health (see Chapter 4). In
addition, it is probable that similar objectives and measures of system health
will be described for Lakes Huron and Michigan. It is, therefore, recommended




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
 
  
For jurisdictionally designated areas that have outstanding natural resource value
and existing water quality better than the objectives, the existing water quality
should be maintained or enhanced.
4. Specific water quality objectives are to be met at the periphery of mixing zones.
This assumes that water quality conditions better than the objectives will result
beyond the mixing zones. The objectives should be implemented in concert with
limitations on the extent of mixing zones or zone of influence and localized areas
as designated by the regulatory agencies.
5. In recommending objectives to protect raw drinking water supplies, it has been
assumed that a minimum level of treatment is provided before distribution to the
public for consumption.
6. Adoption of objectives does not preclude the need for further study of the effects
of pollutants on the aquatic environment.
7. Since infinite combinations of water quality characteristics may occur, the
objectives often are unable to take into account antagonistic, synergistic and
additive effects because of lack of data.
8. Since new data may lead to modified recommendations, the objectives are subject
to continual review.
9. No adequate scientific data base can exist for establishing scientifically justifiable
numerical objectives for "unspecified non—persistent toxic substances and complex
wastes." Therefore, criteria for developing an operationally-defined objective for
local situations have been recommended.
The AEOC endorses this framework with the understanding that the recommended
objectives do not consider socio—economic factors. The committee agrees with
previous recommendations (Water Quality Board 19802) that socio—economic impact
assessment is the responsibility of the jurisdictions and should be done at the time of
determining or setting regulations or standards. Objectives should not be construed as
regulations or standards to be immediately and categorically achieved but rather should
be considered as goals to be sought and as a minimum basis for strategies such as
developing regulations or standards by individual jurisdictions.
Ecosystem Objectives
The AEOC was also charged by the MOS SAB to develop ecosystem objectives.
These particular objectives are designed to be descriptions of conditions that must be
met in order to ensure the health of Great Lakes ecosystems. The health of ecosystems
must be determined from a combination of factors at different hierarchical levels
including chemical conditions (contaminant concentrations, oxygen levels, etc.), the
state of resident species and the structure or function of the ecosystem as a whole.
Specific objectives, presently contained in the Agreement and others developed
prior to 1985, largely refer to specific chemicals or physical properties (except for one
objective requiring the waters to be substantially free from pathogens). None of these
objectives assess ecosystem health at other than the lowest hierarchical level and none
are
objectives in the true sense of the word
(specifying the desired biological or
ecological attributes of the systems).
 
2 Alternatives for Managing Chlorine Residuals:
A
Social and Economic Assessment.
Final Report of the Chlorine Objectives Task Force to the Great Lakes Water Quality
Board. Windsor, Ontario. April 1980.
-2-
 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     























































detritus and bacteria, and other small organisms associated with this material
(Marzolf 1965). The amphipod, in turn, serves as a major food source for both
immature and adult fishes of a number of species (Wells and Beeton, 1963;
Dryer et al. 1965; Morsell and Norden, 1968; Bailey 1972) and also can serve
as prey for invertebrate predators such as the mysid shrimp, Mysis relicta
(Parker 1980).
Have available historical, meferably quantified, information p_ertaining to its
ammnce and other critical factors relevant to the state of the organism. A
large number of studies have determined the concentrations of macrobenthic
forms, including _P. h_oﬂ, in various areas of the Great Lakes. Several of
these studies involve one—time surveys of the macrobenthos in certain bays or
limited parts of the open waters of Lake Superior but only one lake—wide
macrobenthic survey, that of Cook (1975), has been conducted. The surveys























































Bay and Thunder Bay.



















have made quantitative comparisons between their results and those obtained
in studies conducted in earlier years. However, there have been no
systematic, long—term monitoring programs in Lake Superior and only two
recently published studies, those of Johnson and McNeil (1986) in the Bay of
Quinte and Nalepa (1987) in Lake Michigan have followed abundance trends in
the populations of macrobenthic organisms over a number of years in other
parts of the Great Lakes. Thus, although there is a substantial body of data
concerning the abundance of P. h_oy_i in the Great Lakes including Lake
Superior, these data are, in general, restricted in space and time and do not
provide the solid base of historical information needed for comparative
purposes.
Have well—documented andQuantified niche dimensions emessed in terms of
metabolic and behavioral responses. The environmental conditions that
favour the occurrence of B. m and the closely related European species,
B. affinis and E. femorata, are reasonably well understood. A number of
studies (Eggleton 1937; Robertson and Alley, 1966; Henson 1970; Alley and
Mozley, 1975) have found a relationship between abundance of B. h_oLi and
depth in the Great Lakes. The maximum density of E. h_oyi is usually found in
the depth range of 30 to 60 m. Its abundance decreases rapidly at shallower
depths and in most situations, few if any animals are found at stations with
depths of less than 10 m. Deeper than 50 to 60 m, the density tends to fall
off more gradually reaching values of one—fifth or less of the maximum
density at 150 m or more. Smith (1972) studied temperature tolerance in the
laboratory and found an upper limit of tolerance at 10 to 12°C. However, a
number of studies (Thienemann 1928; Larkin 1948) have related field
distributions to the bottom temperatures where the Pontoporeia were
collected and have found an appreciably higher upper tolerance. Specifically





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































9. Md to stresses in a manner that is both identifiable and quantifiable.
Many studies have shown that the response of Pontoporeia to most stresses
may be observed as changes in abundance at the specific localities where the
stresses occur (Nalepa and Thomas, 1976; Kraft 1979; Elmgren et al. 1983).
As the abundance of these amphipods at specific sites can be measured quite
easily by obtaining grab samples and counting the individuals present, the
responses can be easily identified and measured.
10. k a suitable smcies for laboratog investigations. Pontoporeia have been
cultured successfully in the laboratory (Smith 1972) and have proven suitable
for laboratory experimentation (Sundelin 1983).
11. Be generally recognizﬂ as immrtant to humans. As pointed out above,
3. him is the most abundant macrobenthic organism in the upper Great Lakes
and Lake Ontario. Because of its abundance, it serves as a vital food source
for many important fish species in these lakes. Although most fishermen do
not recognize this organism by name or appearance, they do recognize that
invertebrates play a vital role as food for commercially and recreationally
important fish. Thus, the importance of preserving the populations of B. h_03Li
is easily recognized when its role as fish food and as a major component of
the entire trophic structure of the ecosystem is explained.
12. Serve to indicate aspects of ecoggtem quality other than those represented
bymently accwted mmeters. As indicated above, the characteristics of
thﬂ' make it an appropriate indicator organism for Lake Superior to
complement the lake trout which has already been recommended as the
primary indicator species (Ryder and Edwards, 1985). The use of B. hog; will
provide information on the quality of benthic environments, in contrast to
lake trout which supplies information on limnetic conditions. Pontopgreia
head will indicate conditions for an invertebrate that feeds near the bottom
of the food web; lake trout will indicate conditions for a predaceous
vertebrate that feeds near the top of the food web. Pontop_oreia hgxi will
indicate environmental quality in the vicinity of the specific stations
sampled; lake trout will indicate the conditions over a broad range.
Qo_nc_lys_im
In summary, 2. h_ou' appears to satisfy almost all of the criteria for an
indicator organism quite well. The major weakness is that only limited information
is available on its past and present abundance in Lake Superior. More information
is needed on the level and natural variability of its abundance throughout the lakes
before a definitive objective can be specified for this organism.
To obtain such information, it is recommended that the Great Lakes
International Surveillance Program (GLISP) sample a lake—wide set of benthic
stations annually or as close to annually as possible and that the 13. hpyj in these
samples be enumerated and weighed. Cook (1975) reports on the results of a
one—time sampling program of this type for Lake Superior in which about 400
stations were sampled in the spring of 1973. The results from this study are
summarized in Table 2.1.1 and Figure 2.1.1 where mean abundance values for 20 m
wide depth ranges and the standard deviations and standard errors for these means
are presented. The sampling program recommended for Lake Superior should be
carried out in such a way that the results may be directly compared to those of
Cook. To do this, it is recommended that future sampling programs use the same
or equivalent procedures to those used by Cook's study, including sampling at the
same time of year at many or all of the same stations and using the identical
equipment.
-10-
 TABLE 2.1.1. Mean numbers and associated standard deviations and
standard errors for Pontomreia hoﬁ from Lake Superior based on the
results of Cook (1975).
DEPTH RANGE NUMBER OF STANDARD STANDARD
(m) SAMPLES MEAN DEVIATION ERROR
10 — 29 10 213 190 60
30 — 49 22 205 198 42
50 - 69 23 312 378 79
70 - 89 15 311 326 14
90 — 109 18 229 255 60
110 — 129 33 117 117 20







































































































FIGURE 2.1.1. Mean numbers of B. hoyi per m2 in Lake Superior
in 20 m wide depth ranges and the standard errors of these means





When such sampling has been conducted for several years, it is anticipated



























































recommended that this ecosystem objective be amended as stated.
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0 Concentrations of total zinc in an unfiltered water sample should not exceed
30 micrograms per litre to protect aquatic life.
Rﬁmmgnded Objective
0 The concentration of total zinc in an unfiltered water sample should not
exceed 10 micrograms per litre to protect aquatic life.
Purpose of Objectives
Specific objectives are limits of chemicals or conditions that are allowable in the
boundary waters of the system. The recommendation above is for the most
sensitive use as determined by an examination of scientific and other literature
available at this time; it is subject to revision whenever relevant data indicate that
the limit is not appropriate. The objective is to be met at the edge of limited use
zones; it is to be taken into account by regulatory authorities in the water system
when developing standards and other control measures to limit the release of this
substance.
§ummag y
Zinc is a common element in the environment and is found in various Great Lakes
samples. Much of the input to the system is from anthropogenic sources and
arrives by atmospheric transport and deposition. A review of its toxic effects to
plants, mammals, fish and aquatic invertebrates indicates that these organisms are
less sensitive to environmental zinc levels than algae. Water hardness affects zinc
toxicity to fish and other aquatic life but data to establish a similar relationship
for algae are not available at present. Algae are observed to be affected by zinc
at levels as low as 14 pg/L and the revised objective is therefore recommended.




Total world zinc production in 1984 has been estimated at five million tonnes.
Canadian production was 1,185,000 tonnes (Gauvin 1985). The major uses of zinc
are as protective coatings for iron and steel, alloys for diecast parts and brass
production (see Taylor and Demayo, 1980). Other uses include batteries, paint and
varnish, industrial chemicals, rubber, soaps, medicines, and pulp and paper
production.
Loadings to the Great Lakes
Zinc may enter the Great Lakes as a result of the above uses or from the mining
and smelting of zinc ore and fallout from atmospheric contamination that results
from the burning of zinc—containing fossil fuels. Atmospheric emissions are
probably the largest anthropogenic source of zinc and deposition in this manner
._16_
 
 may exceed tributary inputs to lakes (Taylor et al. 1982). Zinc input to the Great
Lakes from atmospheric sources as a percentage of total input has been estimated
at 97% for Lake Superior, 73% for Lake Michigan, 94% for Lake Huron, 50% for
Lake Erie and 57% for Lake Ontario (Nriagu 1986, Table 2.2.1). Municipal
effluents also contribute significantly to zinc input in Lake Erie (35% of total
input) and Lake Ontario (28%, Table 2.2.1). These numbers reflect only direct
input to the Great Lakes as a whole and not the transport from one lake to
another. If between lake transport is considered, Lake Erie receives 67% (5220
tonnes/a) of its total zinc loading from the Detroit River. About 43% of total zinc
input to Lake Erie is retained within thelake sediments (Nriagu et al. 1979).
TABLE 2.2.1. Anthropogenic inputs (tonnes/a) of zinc into the Great Lakes“.
Industrial Municipal
Lake Atmosphere Effluents Effluents Others Total
Superior 1850 20 22 19 1910
Michigan 3510 560 329 439 4830
Huron 1190 8.4 56 12 1270
Erie 1010 120 706 184 2020
Ontario 948 94 470 151 1660
*Nriagu 1986, does not include between lake transport
(e.g. Niagara, Detroit Rivers, etc.).
chlm
Forms of Zinc
The forms of zinc in the water are important because they affect the natural
cycling, bioavailability and toxicity of zinc. Zinc in water may be either bound to
particles or dissolved (operationally defined as passing through a 0.45 pm
membrane filter). At high pH (e.g. pH 9), some of the dissolved zinc may be
present as zinc hydroxide or zinc carbonate complexes, whereas at neutral (pH 7)
and acidic pH (less than 7) most of the zinc is present as the free ion (Wilson
1978). If total zinc concentrations are high enough (e.g. 200 pg/L at pH 9), then
zinc hydroxides or carbonates may precipitate out of solution or form a fine
suspension at high pH (Bradley and Sprague, 1985). Zinc may also be complexed by
organic ligands such as humic acids. This complexing is, however, pH dependent
(greater complexation at higher pH) and occurs much less than with copper or
mercury (Mantoura et al. 1978; Wilson 1978; Musani et al. 1980). Whereas almost
all of the copper in Lake Ontario sediments is bound to organic matter (i.e. humic
acids), less than 5% of the zinc is so bound (Nriagu and Coker, 1980).
There is some evidence that zinc toxicity is reduced if the metal is adsorbed onto
particles and not present in the dissolved form (Brown 1976). It has been reported,
however, that particle-bound zinc can be redissolved at the sediment—water
interface (Lum and Leslie, 1983). The U.S. Environmental Protection Agency (U.S.
EPA) has proposed a method whereby total water samples'are treated with mild
acid prior to analysis to try to evaluate the maximum potential significance of such
eventualities (Method 200.1, Determination of Acid Soluble Metals). Until the
relationship between metal forms and their toxicity is firmly established and until
there are reliable methods for monitoring such forms, water quality objectives for
metals will refer to total concentrations of each metal in an unfiltered, whole
water, digested sample (Water Quality Objectives Subcommittee 1976).
-17-




























































































































































































































































































































































































































































































































TABLE 2.2.2. Total and dissolved (filtered) zinc levels (pg/L)
in the Great Lakes.
  


































Erie 6.5 1.2 0.55—24 1.6 1.3 0.32—4.0 Rossmann 1984
—Eastern Basin 0.95 0.96 1.0 1.1
—Centra1 Basin 1.2 1.1 1.1 0.49
—Western Basin 20 18 2.6 3.2
Ontario <l—l3 Neilson 1979
—Zone 1 4.4 (western end of lake) ‘
—Zone 2 1.4 (near zone 1 and along south shore)
—Zone 3 0.9 (most of open lake)
Concentrations in Sediments
The distribution of zinc in the surficial 3 cm of sediment throughout the Great Lakes
is shown in Figure 2.2.1. The distribution shows a relationship to lake bathymetry and
sediment type — higher concentrations (greater than 100 mg/kg) are observed in the
deeper water regions with their fine sediment accumulation; lower concentrations (less
than 50 mg/kg) are seen in the coarser sediments around the periphery of the lake and
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FIGURE 2.2.1. Zinc levels in the surficial 3 cm of sediments in the Great

















































































































































of the harbours are less than 90 mg/kg (Thomas and Mudroch, 1979), a level considered
to represent unpolluted conditions by the U.S. EPA (U.S. EPA 1977).


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 TABLE 2.2.4. Zinc concentrations (pg/kg 51g weight) in Great Lakes
invertebrates collected by the Great Lakes Fisheries Research Branch

















Superior 101—142 70 78 1983
Huron 116—298 61—86 — 1980




























































































































































































chronic zinc toxicity from drinking water and dietary sources an unlikely hazard





















between water containing 4.3 mg/L ZnSO4 and water containing no zinc salts
(Cohen et a1. 1960). The detection level was higher for other zinc salts. Water
containing zinc concentrations greater than 5 mg/L may be opalescent and develop
a greasy film on boiling (Health and Welfare Canada 1980).
The maximum acceptable concentration of zinc in water is based on aesthetic and
taste considerations (Health and Welfare Canada 1980). The Guidelines for



















Environmental Protection Agency also recommends 5 mg/L based on the taste and
odor quality of ambient water (US. EPA 1980).
Fish
Zinc toxicity to fish is affected by water hardness, pH and alkalinity (Spear 1981).
Under conditions of constant pH and alkalinity, acute zinc toxicity decreases
markedly with increasing hardness. This has been attributed to the competition
among calcium, magnesium and zinc ions for active sites on gill membranes
(Pagenkopf 1980; Bradley and Sprague, 1985). Under conditions of constant
hardness and alkalinity, at concentrations where the zinc remains uncomplexed and
in solution, a decrease in pH results in a decrease in zinc toxicity. The mode of
action may be similar to the protective effects of hardness; that is, the hydrogen









1986). The effects of pH and hardness on zinc toxicity appear to be very similar to
pH and hardness effects on other metals, especially copper, which has been most
thoroughly studied (Pagenkopf 1980; Borgmann 1983). As pH and alkalinity
increase, zinc complexation by hydroxide and carbonate ions increases. In many
lethality studies at high pH, zinc concentrations are high enough to ensure that
most of the zinc is present as a precipitate, often as the hydroxide but possibly also
as carbonate. These precipitates have usually been found to be less toxic than the
dissolved zinc (Pagenkopf 1980', Bradley and Sprague, 1985a). Consequently, the
direct effect of increasing pH (increased toxicity of dissolved zinc) may be
counteracted by the decreased concentration of dissolved zinc due to
precipitation. This dual effect of pH is similar to that observed for copper, where
the reduction in copper toxicity at high pH is due to complexation by hydroxide or
carbonate ions or both (Borgmann 1983). However, the reduction in zinc toxicity at



















alkaline water would therefore usually result in lower acute zinc toxicity to fish






























































































































































































































































































































































































































































































































































zinc (Anderson et al. 1980). Growth reduction in snails was also observed at zinc
concentrations as low as 35 pg/L (Belanger et al. 1986). Reproductive effects of
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reduced egg production in metal mixture
non—adhesive and easily—ruptured eggs
reduced spawning and 100% fry mortality
reduced growth rate
reduced ability to compensate for torque
in rotating water current
vertebral damage
reduced growth of males exposed as
embryos
reduced growth of females not exposed
as embryos




100% fingerling mortality in 24 hours




increased chronic mortality mt
exposed during egg stage
metallothionein induced in liver
28% mortality 29 days post hatch
decreased growth over 16 weeks
no effect on fingerling growth
in 16 weeks
72 day mortality increase
(exposed as eggs)
200 hour LCso for swim—up stage
(not exposed as eggs)
100% fingerling survival in 20 days
21 day LCso (different size fish)
no effect on growth
reduced egg hatchability (survival and
after hatching not affected)
no effects on survival, fertility or
growth
200 hour LCso for swim—up stage
96 hour LCso for juveniles
decreased growth: 4 to 21 weeks
increased liver metallothionein after
21 weeks
no mortality over 21 weeks
Brungs 1969
Eaton 1973
Benoit and Holcome, 1978










Sinley et al. 1974
(ibid.)
(ibid.)
Roch and McCarter, 1986
(ibid.)
D. Spry, unpublished
Cairns et al. 1982
Chapman 1978a
Affleck 19522
Farmer et a1. 1979 ‘
Holcome et a1. 1979
Chapman 1978b
Chapman 1978a
Finlayson and Verrue, 1982




1Copper and cadmium also present but most toxicity attributed to zinc.
2Zn exposure by galvanized pipe: HCO: pg/L; Ca 1.7 pig/L; Ca 1.7 [lg/L; Mg 1.0 pg/L.
3Copper and cadmium also present in ratio 400:20—1
Zn:Cu:Cd.
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peCIes (mg/L) (Pg/L) Comments Reference
Daphnia magna 45 42 70 15% reproductive impairment Biesinger and Christensen, 1972
158 3 week LCso
100 48 hour LC 50 without food
130 80 68 96 hour LCso Attar and Maly, 1982
130-160 100—119 100 reduced body size and longevity Winner 1981
45 44 68 48 hour LCso Mount and Norberg, 1984
Qaphnié puLegs 45 44 107 48 hour LCso (ibid.)
Daphnia hyalina 33 29 40 48 hour LCso Baudouin andScoppa, 1974
CeLLodaphnia reticulga 45 44 76 48 hour LCso Mount and Norberg, 1984
Aglawiapmg leptopus ? ? 73—81 48 hour LCso Lalande and Pinel—Alloul, 1984
Skistodiaptomus oregonis 164-419 48 hour LCso (ibid.)
(copepod)
Immaculme using 10 15 52 48 hour LCso (ibid.)
(cyclopoid copepod) 10 7,6 264 48 hour LCso (ibid.)
l20 4.1 2,934 48 hour LCso (ibid)
Natural zooplankton 121 131 17 reduced abundance (especially Marshall et al. 1983
(Lake Michigan) nauplii) after two weeks incub—
ation in 18 L carbuoys
llinytairsus dissimiliis 48 44 36.8 10 day LCso Anderson et al. 1980
(chironomid larvae) (life cycle = 14 to 19 days)
Corbicula sp. 55—89 29—50 35-92 reduced growth rate in 30 days Anderson et a1. 1980
(Asiatic clam)
20 no effect on growth Belanger et al. 1986
50% in 48 h in the absence of food (Biesinger and Christensen, 1972). However,
Mount and Norberg (1984) observed a 48 h LCso of 68 pg/L and Attar and Maly
(1982) reported a 96 h LCso, also of 68 pg/L, for the same species. The 48 h LCso
for Ceriodaphnia reticulata is similar at 76 pg/L (Mount and Norberg, 1984).
Baudouin and Scoppa (1974) report a 48 h LCso of 40 pg/L for Daphnia hyalina.
The 48 h LCso for Tropocyclops prasinus mexicanus (Lalonde and Pinel—Alloul,
1986) was 52 ug/L in soft water from an unpolluted lake but was much higher
(2,934 pg/L) in water from a harder and more polluted lake. Biesinger et al. (1974)
demonstrated that both chronic toxicity and reproductive effects were reduced if
the organic chelator NTA was added to the test water. More weakly coordinating
natural organics are expected to have a lesser effect than the strong chelator NTA.
A more sensitive response to zinc was observed by Marshall et al. (1983). A drop in
the abundance of natural zooplankton incubated in—situ in 18L polyethylene
carboys in Lake Michigan for 2 weeks occurred at 17 pg/L zinc (measured Zn was 16
ug/L based on the specific activity of 65Zn, background levels were estimated to
be about 1 pg/L). The drop was most pronounced for copepod nauplii (54%) and
Holopedium gibberun (67%). However, the zooplankton were incubated together
with the natural phytoplankton that constituted their food and these were also
subject to zinc effects. It is not known, therefore, if the drop in zooplankton was
due to a direct toxic effect of zinc on the zooplankton or to an indirect effect due
to reductions in phytoplankton (see below). More studies on the sublethal effects
of zinc on these species are needed to evaluate the relative importance of direct
and indirect (through phytoplankton reduction) effects of zinc.
Algae
A number of studies with natural water suggest that zinc toxicity to phytoplankton
can occur at concentrations near or below 30 pg/L (Table 2.2.7). For example,



















































































































































































































































































































































































































































































































































































































































































































































































































































































fixation after 9 days



















































































































































































































































































phytoplankton chlorophyll—a and primary
production (P <0.0l)


































































































































































































be extremely toxic to phytoplankton. Growth of 5. capricornutum was inhibited
27% in 96 h at 1.8 ug/L zinc (Chiaudani and Vighi, 1978), which is below the zinc
level observed in many surface waters (Taylor et al. 1982), including parts of the
Great Lakes. Toxicity studies in artificial or unspecified media (Kostyaev 1981;
Mills 1976, Table 2.2.7) will, therefore, not be used in deriving the zinc objective.
A few studies demonstrate zinc toxicity tonatural phytoplankton from the Great
Lakes. Marshall et al. (1983) incubated natural water from Lake Michigan
containing indigenous phytoplankton, in—situ for two weeks in 18 L carboys. They
observed a significant drop (about two—thirds, P <0.01) in both chlorophyll—a and
primary production with zinc concentrations as low as 17 ug/L. In another study,
Glooschenko and Moore (1973) reported a 22% drop in 14C uptake by natural
phytoplankton in western Lake Ontario after addition of 10 ug/L zinc. Total zinc
was not reported but background levels would be expected to be near 4 pg/L
(Neilson 1979), resulting in a total zinc concentration of about 14 ug/L. Hart
(1983) exposed natural phytoplankton in Lake Ontario water to 30 pg/L zinc
additions in large tanks (1 m diameter by 4 m deep). Total zinc concentrations
were not reported but would presumably be near 30 + 4 = 34 ug/L. He observed
reductions of 20 and 45% in chlorophyll—ct and 39 and 12% in primary production
levels, relative to the control, after four and 10 days' exposure, respectively.
Total cell biomass decreased by 30% within three days after zinc addition, relative
to the initial biomass, whereas cell biomass increased in the control.
It appears therefore, that levels as low as 15 ug/L zinc can be toxic to
phytoplankton in natural waters, including the Great Lakes and similar levels may
affect zooplankton, either directly or indirectly, through the food chain. Fish do
not, therefore, appear to be the most sensitive organisms. The same conclusion
was obtained by Roch et al. (1985). They found major changes in phytoplankton
species composition after mining in Buttle Lake resulted in elevated levels of zinc
(sometimes exceeding 200 ug/L), copper and cadmium (in a ratio of about 400:20:l
for Zn:Cu:Cd). Phytoplankton and zooplankton species composition were altered
with distance from the mine. Toxic effects on trout were not demonstrated in
field experiments and the condition factor was not significantly different from fish
caught before the mine was opened. After conducting both field and laboratory
experiments, Roch et al. (1985) concluded that fish were not the most sensitive
group of organisms. An objective for zinc must, therefore, consider other
organisms in addition to fish.
Recommended Obiective
The aquatic organisms that are most sensitive to zinc toxicity appear to be
phytoplankton. The test results collectively demonstrate zinc toxicity in natural
waters at concentrations between 15 pig/L and the existing zinc objective of 30
pg/L. The long—term significance of 15 pg/L on the ecosystem is uncertain and
hence, the recommended level contains a small safety margin. Thus an objective
of 10 ug/L total zinc is recommended.
Although acute and to a lesser degree chronic, toxicity in fish has been shown to be
closely related to water hardness, the recommended objective level does not vary
with water hardness. This is because there are few data available on hardness
effects on zinc toxicity to natural phytoplankton, which appear to be more
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objective for the mesotrophic areas.
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 4. EVALUATING ECOSYSTEM HEALTH WITH THE DICHOTOMOUS KEY
A report of the Work Group Indicators of Environmental Quality (Ryder and
Edwards, 1985) submitted to the Aquatic Ecosystem Objectives Committee (AEOC),
proposed the use of indicator/integrator organisms as appropriate indices of ecosystem
health. The lake trout complex, Salvelinus namaycush, and an amphipod, Pontoporeia
h_oy_i, were identified as meeting a set of criteria for such organisms. Conceptually,
these two organisms appeared to adequately represent an oligotrophic environment's
cold—water community of organisms. Based on the work group's report, the AEOC
proposed an ecosystem objective for Lake Superior. The objective used several
measures of the lake trout's condition to determine whether progress was being made
towards a goal of reestablishing a stable, self—sustaining, cold—water community with
the lake trout as its top predator.
To extend this indicator concept to the world of practicality, an interactive
computer program was developed to enable ecosystem managers to assess the relative
(annual) health of Lake Superior (Marshall et al. 1987). This program, entitled "Lake
Trout Dichotomous Key for Lake Superior," is available on a 5-1/4" floppy disk.
Versions have been prepared for some of the more popular microcomputers (i.e. Apple
11, IBM and Commodore). The current version is directed specifically at Lake Superior
but the intent is to develop similar objectives and dichotomous keys for Lakes Huron
and Michigan.
An ecosystem manager may work his/her way through the Dichotomous Key by
answering a sequence of questions with yes or no. A "Help" screen exists where data
needed to respond to a question are not readily available. Once a question is answered,
the user has the option of viewing an ecological rationale for the question. Once all of
the questions have been answered, the ecosystem manager is provided witha printout of
the state—of—ecosystem health for the particular system (Lake Superior for the
moment) being assessed. The Dichotomous Key, therefore, provides a rapid ecosystem
assessment that is a first approximation of system health and indicates possible
directions for future rehabilitation measures.
The nature of the data requested in the questions of the Dichotomous Key is
divided into the four categories indicated below. Some of the questions are of a
research nature and are needed at infrequent intervals; other data should be provided on
at least an annual basis. Since similar data sets will be required for assessing the
achievement of analogous objectives for Lakes Michigan and Huron, it is urged that
efforts be made now to obtain these data in order to provide a baseline against which to
measure the relative levels of rehabilitation or deterioration of these parts of the
system.
1. Exploitation and Production
- annual records of fish catches;
0 age-growth, mortality and species-ratio data from test netting including that
for stock diversity and for catch curves;
0 data from experimental netting at spawning time, subsequent egg sampling
and identification of historical spawning grounds;
0 data from Great Lakes Fisheries Commission (GLFC) and socio—economic

































































































































































































































































































































































































shoreline survey data for suitable spawning substrates;

































































































































































5. HAZARD ASSESSMENT OF GREAT LAKES CHEMICALS
The Aquatic Ecosystem Objectives Committee (AEOC) is a part of the
Coordinating Committee for the Assessment of Chemicals in the Great Lakes
Ecosystem (CCAGLE). As such, it assists in the development and application of a
scheme to assess what is known as the Comprehensive Track Chemicals. These are the
compounds identified in the Great Lakes ecosystem (see 1983 "Inventory of Chemical
Substances Identified in the Great Lakes Ecosystem," a six—volume compendium
released by the International Joint Commission in 1983). The present list includes a
total of 362 specific compounds or separate CAS entries.
A protocol has been developed for undertaking the hazard assessment and
management of toxic chemicals in the Great Lakes basin. The protocol appears with
discussion, in the current report of the CCAGLE. For purposes of the AEOC report, it














In November 1985, a workshop on the subject of preliminary assessment was held at
the Canada Centre for Inland Waters. The workshop involved participation and
guidance by some members of the AEOC. The report of that meeting included the
recommendation of an essential data set that must be evaluated before a chemical is
recommended for further data development. Elements recommended were:
- an LCso for a sensitive freshwater aquatic species, preferably fish;
0 an LDso for a mammalian species, preferably orally administered to
rodents;
- mutagenicity tests, with and without activation, with two or more
cell lines, one of which should be mammalian; and
0 the octanol—water partition coefficient.
The workshop report also recommended as important, but not essential,
information on environmental concentration and release of the chemical. The workshop
participants placed much emphasis on using all data existing at the time of any
assessment stage, including the preliminary one. They singled out the above data
requirements as the minimum information to be evaluated before any statement
concerning potential hazard of a chemical be made. The AEOC has endorsed, in
principle, this approach for assessing the host of chemical contaminants reported for
the Great Lakes and has examined its feasibility on a number of chemicals.
A subset of the inventory chemicals (those found in the St. Clair system) was

































































































































































































































































































































































































































































































































































































The Aquatic Ecosystem Objectives Committee (AEOC) is examining the following







Relationships between structurally—related properties of chlorinated and other
substituted phenols and benzenes and their respective sublethal effects on aquatic
biota are being reviewed. These relations will be evaluated to determine whether
safe levels can be estimated for all or most members of these two classes of
compounds. The possibility of employing application factors on acute lethalities
predicted from structure will also be examined.
Assessment of Chemicals
Data for the. compounds on the reduced Inventory of Chemicals in the Great Lakes
Ecosystem are being gathered to subject them to a preliminary hazard assessment.
An essential dataset is being synthesized using quantitative structure—activity
relations (QSAR) principles and existing literature is being examined for relevant
information. An evaluation of the potential hazard represented by each chemical
will be made and a prioritized list of additional data needs will be presented.
Mesotrophic Ecosystem Objective
The report of the Work Group on Mesotrophic Indicators is expected early in 1988.
This report, plus additional information, will be considered in developing an
ecosystem objective for Lake Erie and other places based on biological indicators
of system health. Current indications are that the walleye, perch and Hexagenia
species will be suitable organisms.
Oligotrophic Ecosystem Objectives for Lakes Huron and Michigan
Data on these two lakes will be examined to see the extent to which a measurable,
indicator—based objective can be developed. The lake trout and Pontomreia hoyi
are projected species for this purpose.
Mixtures
In its 1981 report to the Science Advisory Board, the Aquatic Ecosystem Objectives
Committee suggested the use of the toxic unit concept to evaluate the significance
of mixtures of metals in the Great Lakes ecosystem. This topic will be reassessed
for possible recommendation as an objective and will be expanded to consider













































































































































































































































Terms of Reference for the Aquatic Ecosystem Objectives Committee;
List of Members of the Aquatic Ecosystem Objectives Committee;
Terms of Reference for the Mesotrophic Indicators Work Group;






TERMS OF REFERENCE FOR THE
AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE OF THE
SCIENCE ADVISORY BOARD
Preamble
A specific objective is defined by the 1978 Great Lakes Water Quality Agreement as "...
the concentration or quantity of a substance or level of effect that the Parties agree,
after investigation, to recognize as a maximum or minimum desired limit for a defined
body of water or portion thereof, taking into account the beneficial uses or level of
environmental quality which the Parties desire to secure and protect....". Objectives
are intended to be goals towards which the Parties to the Agreement should strive and
are to be taken account of by the state and provincial jurisdictions when they are
setting enforceable regulations and standards; the objectives, themselves, are not these
legal instruments.
Objectives will be developed with the intention of protecting all beneficial uses of the
waters of the Great Lakes. They cannot, however, protect all beneficial uses under any
and all conditions and their development and adoption does not preclude the need for
other actions by the Parties and Jurisdictions to protect these uses. Objectives will be
set at levels of no detectable effect - at a level just beyond the limit where harmful or
potential effects have been observed. Uncertainties that arise during the development
of the objectives are always resolved in favor of protection.
The objectives will be based solely on published scientific information and must be
scientifically defensible. Reviews of this literature will be undertaken by the Aquatic
Ecosystem Objectives Committee using the facilities available to members and that
provided by the International Joint Commission. These data bases will tend to improve
over time as additional studies are conducted and published. Consequently, the
objectives will be subject to periodic review and revisions as deemed necessary. They
will be subjected to peer review and will represent, to the best of the Committee's
ability, the knowledge available at the time of their recommendation.
Terms of Reference
In order to develop objectives as set out in the PREAMBLE, the Aquatic Ecosystem
Objectives Committee will:
- develop and revise, as required, general guidelines under which the objectives will
be developed;
0 select and order issues to be addressed, taking account of all proferred and
requested advice;
0 develop aquatic ecosystem objectives. These should describe the effects on various
uses and/or a desired state for the various lakes and should always be based on the
most sensitive use;
- review existing objectives and recommend amendments based upon all available
information;
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TERMS OF REFERENCE OF THE
AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE'S
MESOTROPHIC INDICATORS WORK GROUP
An ecosystem objective by definition infers a broad scientific approach
encompassing all aspects of the environment and the indigenous biota. Such an
objective framed as an ultimate goal for ecosystem management in the Laurentian
Great Lakes may be philosophically satisfying, but pragmatically intractable.
Alternatively, the establishment of an ecosystem objective using a single species
(a seeming contradiction of terms) may be justified, provided that the niche
characteristics and habitat requirements of that species can be adequately described
and compared with the former environments provided by a major portion of both the
biotic and abiotic subsystems of the Great Lakes, thus ensuring adequate habitat
diversity for other desirable community components of the system.
With the specific task of developing an Ecosystem Objective for the Great Lakes
Basin, a designated work group (formerly task force) shall proceed to investigate the
following charges:
- appraise, evaluate and critique the feasibility of using an indicator (integrator)
organism as a suitable surrogate for depicting healthy Great Lakes; and
o if feasible, produce an objective with supporting rationale applicable for inclusion
into the 1978 Great Lakes Water Quality Agreement and in accordance with the
Terms of Reference for the Aquatic Ecosystem Objectives Committee;
In the course of performing these specific charges the following additional charges
shall be considered:
- identify and recommend appropriate system variables for future monitoring based
on these concepts; and
0 explore and develop, if appropriate, other ecosystem approaches with potential
application to the Great Lakes Basin.
Work Group Membership
The Work Group should be kept small and flexible. A first—line working group will
consist of no more than eight members. Alternates or resource people may be selected
to participate on an a_d h_oc basis as required. These may represent a particular
discipline such as epidemiology, toxicology, physical limnology or any other for which a
specific input is needed.
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